examined for appropriate changes. Several authors have claimed modified progeny which have subsequently passed these newly acquired characteristics to their progeny, according to the classical Mendelian laws of inheritance (see Kushner, 1957 and Novikov, 1966 for details) . It is difficult, however, to accept these results for it is doubtful that the birds were histocompatible and rejection of the transplant must therefore have been the norm.
Blood transfusions: In 1950 Sopikov reported the modification of the plumage of the progeny of Leghorn hens (white) treated, by repeated injection either intravenously or intra-abdominally, of whole blood from Australorp cockerels (black) -See also Kushner (1957) . There followed a series of confirmatory reports from the USSR and the "markers" were extended to include shell colour, pigmentation of the shank, eye colour, productivity. When other avian donors were used (geese, turkeys and guinea fowl), marked differences in growth rates, mature body weight and resistance to disease were additionally noted (Kushner, 1957 (Kushner, , 1958 .
The findings described above excited much interest internationally. Piko and Suschka (1956) reported from Hungary that ducks produced from mothers treated with goose blood laid more eggs and from France, Czechoslovakia and Switzerland there were confirmatory reports of modification of the genome following treatment with whole blood (Stroun et al., 1958; Svoboda, 1959; Leroy, 1962a, b) . As a variant of the technique, Hasek (1955 Hasek ( , 1959 demonstrated altered progeny by parabiosing developing embryos of different breeds, though whether this was an example of the type of modification described by Sopikov (1950) is uncertain; the chicks obtained from parabiosed eggs are likely to have been chimaeras.
Given the apparent success of the technique it was not unexpected that the research should turn to an examination of different fractions of the blood. Inevitably, given the nature of the phenomenon, the DNA of the erythrocyte excited most interest (it should be remembered that the avian erythrocyte retains its nucleus into maturity). The first experiments were negative (Kushner et al., 1959 (Kushner et al., , 1961 Svoboda and HaSkovB, 1959; Tolokonnikova et al., 1961) . However, Benoit et al. (1960 Benoit et al. ( , 1966 , not only found evidence of vegetative hybridization in the progeny of ducks treated with erythrocytic DNA but also found the parent affected. This latter observation remains unique, despite attempts by Benoit and his colleagues to repeat the experiment. Subsequently Novikov (1966) also reported evidence for vegetative hybridization in the progeny of ducks treated with erythrocytic DNA. Golubev (1966) claimed plasma to be almost as effective as erythrocytic DNA but this was denied by Leroy et al. (1966) .
A search of the literature suggests that interest in vegetative hybridization was at its height in 1966 when the 13th World's Poultry Congress was held in Kiev. Thereafter, despite the occasional publication subsequently (Gangwar, 1968; Leroy, 1968; Kurbatov and Golubev, 1970; Gromov, 1970; Golubev et al., 1973; Veitsman, 1975; Sopikov, 1978) , little progress was reported. Indeed the failure of some authors to achieve the modifications that others had so consistently obtained (Buschinelli, 1962; Lowe et al., 1963 Lowe et al., , 1968 may have hastened the decline in interest.
A Scientific Basis for Vegetative Hybridization
It seems that at no time during the period of maximum scientific activity (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) was a hypothesis advanced that was capable of explaining the mechanism by which heritable changes in plumage colour were achieved. Given the then state of knowledge it would seem that two hypotheses might have been advanced, the first that genetic material (ie. DNA) from the donor has become integrated into the chromosomes of the ovary of the recipient or, second, that the environment of the cells of the ovary had been altered by the donor material thereby either activating normally dormant genes or deactivating or inhibiting some system or mechanism (see for instance Lissot, 1969) .
A comment by Professor Lwoff made in 1963 and recorded by Leroy et ul. (1972) deserves mention. He suggested that a virus might be involved. This suggestion was tested by Leroy et al. (1972) . They isolated a leukosis-type virus from their modified birds but when this virus was injected into other birds no change in plumage colour was noted. They concluded, therefore, that the virus was not responsible. It is with the benefit of hindsight that one now realizes how close those authors had been to a satisfactory explanation (see the section on prospects for genetic manipulation below).
The Advent of Genetic Manipulation
It was noted in the Introduction that chimaeras can be produced in the laboratory. The experimental procedure capitalizes on the pluripotency and immunological tolerance of early embryonic cells. In practice this requires the insertion of a few cells from one blastocyst into another (Gardner, 1968) . This was later extended by using cultured teratocarcinoma cells to replace the donor cells from a blastocyst (Brinster, 1974) . Although the results of such experiments were interesting, the fact remained that chimaeras are chimaeras, i.e. made up of genetically differing cells. Nevertheless the necessary breakthrough was to come from further development of the micromanipulative techniques used in the production of chimaeras.
The most significant advance was the demonstration that if fragments of DNA were injected into one of the pronuclei of the fertilized but undivided zygote, that DNA could become integrated into the genome and was shown occasionally to be functional (Gordon et al., 1980; E. F. Wagner et al., 1981; Rusconi and Schaffner, 1981; T. E. Wagner et al., 1981; Gordon and Ruddle, 1983) . In essence it seems that by introducing the exogenous DNA at such an early stage of development the zygote is unable to "recognize" this DNA as foreign thus increasing the likelihood of its integration into the genome when the male and female pronuclei fuse. Successful integration and transmission in the germ line, the key to any breeding programme, was also shown unequivocally at this time (Constantini and Lacy, 1981; Gordon and Ruddle, 1981) .
That all the work described in this section had inestimable practical potential was confirmed by Palmiter er ml. (1982) . Here the growth hormone genes of the rat were integrated into the genome of the mouse and when stimulated, caused a marked increase in the rate of growth of the mouse.
Prospects of Genetic Manipulation in Birds
Micromanipulation: The development outlined in the preceding paragraph were achieved using mammals. The technical problems associated with manipulation of the mammalian egg are formidable; eggs have to be harvested at the correct time; they must be kept under proper conditions whilst in vitro; micromanipulation of those eggs demands special skills; surrogate mothers have to be prepared and the cultured, manipulated eggs placed in their uteri. Nevertheless, the translation of these techniques to the bird would raise even more problems. The avian egg is a complex structure in its own right, composed of shell, shell membranes, albumen, yolk and ovum, typically weighing 60g. The architecture of the avian egg is of fundamental importance to the successful development of the embryo. Not only would manipulation of the ovum within the calcareous shell be difficult and often lethal but it would probably produce, at best, chimaeras since the embryo would already be too advanced in its development. Attempts to practise micromanipulative techniques on the newly released ovum are also likely to be unsuccessful given the twin problems of 20 g of yolk immediately beneath the germinal disc and of ensuring, should that part be successful, that the remaining phases of egg formation -albumen and shell production -are achieved in the same or a surrogate hen. It is little wonder that those who wish to extend the work of Palmiter et al. (1982) into the avian field nave looked to other methods for achieving genetic transformation.
Viruses:
One technique that would seem to have potential is that of exposing the young embryo (blastocyst) to an appropriate virus. Jaenisch and Mintz (1980) and Jaenisch (1976) with simian virus 40 DNA and with Moloney leukaemia virus (MoLV) showed that it was possible to obtain integration of viral DNA into a chromosome of the murine zygote. However, this approach is not without its problems. Thus found it necessary to treat pre-implantation embryos with a protease to alter the zona pellucida before MoLV could be successfully introduced. Several strains of mice containing such introduced "endogenous" virus (referred to as Mov loci) have been developed and show considerable variation in the time of appearence of infectious virus and of disease. One such strain became viraemic a few weeks after birth and later developed leukaemia, whilst another strain developed neither viraemia nor leukaemia suggesting that the viral genome had been "switched off". It seems that this variation is due to the virus integrating at various chromosomal sites . It would seem, at first sight, that such a technique could be easily adapted to the bird since the corresponding avian retroviruses (avian lymphoid leukosis virus or Rous sarcoma virus) have been well characterized. But the introduction of a virus capable of producing infectious virions at any stage of development of any animal is not desirable. However, in the past three years, it has been shown that it is possible to use defective retroviruses (that is retroviruses not capable of producing viable particles) as vectors to carry foreign genetic material into the mammalian cell (Huang et al., 1981; Wei et al., 1981; Shimitono and Temin, 1981; Doehmer et al., 1982; Joyner et al., 1982 Joyner et al., , 1983 Tabin et al., 1982) .
In the life cycle of the retrovirus, its RNA genome is reverse transcribed into a DNA copy which is then integrated into the chromosome of the infected host cell. The virus is then transcribed back into RNA using the normal cell machinery for transcribing genes. The construction of a defective retrovirus vector essentially consists of the production of a modified retrovirus genome (packaged inside a normal viral coat) which contains foreign genetic material inserted into its RNA in place of its structural genes, thus eliminating the potential expression of a fully infectious virus capable of producing disease. Infection of a cell with this defective virus proceeds normally and because the particles contain the enzyme essential for reverse transcription -reverse transcriptase, the virus is capable of making a DNA copy of its RNA genome and integrating into the cell DNA. The chances of integration of such genetic material into the genome of the host have been shown, at least in vitro, to be greater than when DNA alone is introduced into a cell (either by transfection -infection by purified DNA -or by micro-injection) (Hwang and Gilboa, 1984) , although this may depend in part on the gene being transferred (Strauss et al., 1983) .
There are several disadvantages to this technique: (a) the production of defective particles is technically difficult; (b) the inserted genetic material cannot exceed 8 kilobases in size without rendering the virus inactive; (c) the retrovirus could undergo recombination with an endogenous viral gene, thus rendering the introduced gene inactive; and (d) some candidate retroviruses are tumour viruses and despite having their oncogenic genes deleted, it is just possible that they might recapture them from the host. However, there are advantages: the retrovirus is capable of infecting a large number of cell types (but see below) and integration into the host chromosome is stable and is usually limited to only a few copies of vector DNA. The vector DNA also possesses its own efficient promotor and enhancer sequences (which signal to the RNA polymerase to start transcribing the gene), positioned in front of the coding region of the gene, thus the inserted DNA is not dependent on adventitions upstream promotors in the chromosome which it enters or on its own promotor, which may not necessarily be isolated along with the gene during the cloning process or inserted into the retroviral vector.
In the avian system a large number of retroviral sequences have integrated naturally at different sites in the fowl chromosomes (the so-called endogenous retroviruses) indicating that germ line integration of retrovirus must have occurred at some stage of evolution. However, the route by which these viruses entered the germ cell is unknown. Males infected with an exogenous virus (e.g. avian leukosis virus, subgroup A) do not transmit this exogenous virus to their progeny (Rubin et al., 1962) and although hens similarly infected can transmit exogenous virus to embryos via the albumen, the germ cells appear to be resistant to infection and integration does not take place. It remains to be seen whether the barrier to germ cell integration of exogenous virus can be overcome in the fowl as it has been in the mouse.
The location of the integrated virus in the chromosome may also be important in determining gene expression. Both functional viruses (Battula and Temin, 1978; Hughes et al., 1978 Hughes et al., , 1981 and vectors (Williams et al., 1984) are able to enter the chromosome at many different sites. This may cause problems indirectly in that the integration of the virus (or for that matter, any foreign gene) in the middle of a host gene may render the latter inactive. An example of this was seen in one of the embryos infected by Schnieke et al. (1983) . When virus was inserted at the Mov-13 locus in a mouse, all embryos homozygous for this locus failed to develop beyond 12 days; this was due to the insertion of the virus in the middle of the gene for collagen, a major structural component of the body.
During development of the zygote, genes are sequentially switc6ed on and off depending on the various needs of the embryo. The regulation of this process is not well understood. Methylation of DNA (that is, the addition of a methyl group to the bases cytosine or adenosine) is thought to be implicated in the control of gene expression. Many of the endogenous viruses present in both mice and fowls are non-infectious and heavily methylated (Humphries et al., 1979; Guntaka et al., 1980) , and the deactivation of murine proviral DNA sequences was found to be due to methylation (Harbers et al., 1982; Jahner et al., 1982a, b) . In contrast, some genes are heavily methylated (for example, the gene of sperm ribosomal RNA of Xenopus laevis but they can still be transcribed (Macleod and Bird, 1983 ). Since we are m l y just beginning to learn about the regulation of eukaryotic genes, the requirements for gene expression are still uncertain. However, it is known that the sequence promotor, and in certain instances, the enhancer sequence need to be present in the vicinity of the gene for expression to occur. By using retroviruses as vectors, this problem is solved for the inserted DNA (they possess both) but it would not be so for all other cloned DNAs (although some cloned DNAs have been isolated along with their promoters). Some genes are under the control of specific substances, for example glucocorticoids (mouse mammary tumour virus DNA) or heavy metals (the mouse metallothionein gene) (Durnam and Palmiter, 1981; Lee et al., 1981) . The chromosomal location of the inserted gene may be more important than any cis-acting influence of the gene, for example, insertion of a gene near to the centromere of one of the chromosomes of Chinese hamster ovary cells resulted in chromosome instability and rearrangement (Wahl et al., 1984) . The fact that some endogenous retroviruses are expressed in fowls suggests that at least some of the DNA introduced in this way may be transcribed.
Irradiated sperm: A potentially simple and effective method for introducing genes into the genome of the fowl has been proposed by Pandey and Patchell (1982) . It was developed from experiments on plants where transformations were achieved by using irradiated pollen to introduce, by a process of pseudofertilization (0. Hertwig, 1911; G. Hertwig, 1912; Amoroso and Parkes, 1947; Chang et al., 1957; Edwards, 1957; Lasher and Rugh, 1962) , the DNA into the ovum (Pandey, 1975 (Pandey, ,1976 (Pandey, ,1978 (Pandey, ,1980 Jinks et al., 1981) . Pandey and Patchell (1982) argued that-if irradiated spermatozoa are capable of penetrating the ovum without inducing the changes in the membrane which prevent further penetration by sperm (pseudofertilization) then spermatozoa and some of the fragmented DNA delivered into the egg by the irradiated sperm might be integrated into the fused male and female pronuclei. Their experiments were successful. Using feather and egg colour as markers they obtained rates of transformation of 3.5% in the progeny.
Whilst the Technique of Pandey and Patchell is technically simple its main disadvantage is that there is no control over the DNA being inserted. That is entirely a random procedure.
Prospect for Genetic Manipulation of the Fowl
The domestic hen matures in about six months and in her first year of production can produce 200-300 progeny. It is thus an ideal candidate for genetic engineering, since the benefits are available quickly and in considerable quantity.
Two problems remain to be solved before man can capitalize on apparent benefits of genetic engineering: the problem of establishing a reliable method of insertion and integration and the problem of selecting the genes for insertion. The technique of irradiating sperm may prove to be of considerable value without further modification but it is likely that it will require refinement to allow specific genes to be integrated or it may be superseded by other methods based on virological vectors.
The problem of choosing genes for insertion is perhaps less difficult. Desirable attributes and functions that are controlled by single genes will obviously be explored in the first instance -the blood groups are a case in point where the B21 group is known to be associated with resistance to Marek's disease (Hansen et al., 1967; Pazderka et al., 1975; Longenecker et al., 1976; Briles et al., 1977) . In view of the demonstration of Palmiter et al. (1982) of marked increases in the growth of mice given the rat growth hormone gene, avian growth hormone genes, already isolated from the.fow1 (Souza et al., 1983 ) might also be an early candidate for insertion. Other traits of productivity and egg production, are likely to be later in coming since they involve many genes. Nevertheless, the potential must be enormous and, given the rate of progress in molecular biology and genetic engineering, it may not be long before transformed poultry are available in commercial numbers.
Summary
The early attempts to alter the genetic make-up of domestic fowl arc described and assessed. These included radiation of the whole or part of the bird, organ transplantation and injection of blood. The advances in manipulation of the mammal following those in molecular biology and genetic engineering arc reviewed and the prospects o f this type of approach to the bird considered. It is concluded that the micromanipulative techniques currently favoured for gene transfer in mammalian eggs are not so attractive i n the case of the bird. It seems more likely that irradiated sperm or modified viruses acting as vectors may be more appropriate. Nevertheless, given the reproductive potential of the domesticated birds, the prospects for introducing modified breeds on a commercial scale are very encouraging. 
ResumC

MANIPULATIONS GENETIQUES C H E Z LES
